Possibility of manipulating some of the efficient strains of fluorescent pseudomonads to manage the root-infecting pathogens of maize was studied throughout this study. Out of 110 isolates 24 of Pseudomonas species, recovered from the plant rhizosphere showed to have inhibitory effect against two major root-infecting pathogens of maize, namely Cephalosporium maydis and Fusarium verticillioides in vitro. Pot experiment revealed that just 4 isolates could reduce infection with both pathogens and enhance the plant growth as well. Based on the genotypic identifications of these four isolates showed that they were: Pseudomonas putida strain Pau9, P. putida strain Pau11, P. putida strain Psf3 and P. aeruginosa strain Psf9.
INTRODUCTION
Root-infecting pathogens can cause serious diseases to field crops under unfavorable conditions. Maize plants are subjected to several soil borne pathogens. In Egypt, late-wilt caused by Cephalosporium maydis is the most serious and wide spread fungal pathogen that can infect plants through roots of susceptible varieties and hybrids causing 30-40 % grain losses in infected plants Therefore study aimed to apply some efficient isolates of fluorescent pseudomonads recovered from plant rhizosphere to decrease infection with major root pathogens of maize.
MATERIALS AND METHODS

Fungal pathogens
Cephalosporium maydis (=Harpophora maydis), and Fusarium verticillioides (=F.moniliforme) were recovered from maize plants showing signs of infection, collected from Etsa, Fayoum governorate. Kokh ' s postulates were followed and the most efficient pathogenic isolate from each of the target pathogens was chosen in present study. They were compared with the culture collection of Plant Pathology Research Institute, ARC and kept in 15 % glycerol under -80 º C for prolonged period.
Isolation of fluorescent pseudomonads
Isolates of fluorescent pseudomonads were recovered from the rhizosphere of maize and sugar beet grown in different geographical locations (governorates) during 2014. Root samples were Arab Univ. J. Agric. Sci., 26(1), 2018 washed vigorously with tap water, shaken to remove excess soil and left to dry. Rhizosphere (0.5g) along with 4.5 ml phosphate buffer were shaken at 120 rpm for 10 min. Serial ten-fold dilutions were prepared, 0.5 ml of suitable diluents were spread onto King's medium (King et al 1954 and Amkraz et al 2010) and incubated at 28°C for 1-2 days. Thereafter, isolated single colonies were picked up and restreaked on fresh King's agar plates and incubated similarly. Purified bacterial colonies were examined for fluorescence under UV at 265and 356 nm and Gram staining. Pure isolates were preserved into slants on King's medium at 5ºC. The pure cultures were preserved in 15% glycerol under -80° C until use.
In vitro antagonistic activity
The obtained isolates of Pseudomonas spp. were tested for their efficiency for inhibiting the linear growth of both target pathogens by inoculating a (0.5 cm diam.) disc from each of the fungal pathogens at the center of Waksman's plate (Berg et al 2002) at 28° C. After 24 h., 4 different bacterial isolates were streaked at the same distance from the fungal disc. Plates were incubated at the same degree of temperature for three days. Three replicate plates were used. Results were recorded as positive or negative effect of the bacterial isolate for antagonizing the target pathogens.
In vivo evaluation of antagonisting bacterial isolates
Fungal inoculants were prepared by inoculating the pathogens individually into autoclaved sorghum grains and incubated at room temperature for a sufficient period (about 2 weeks).Thereafter; potted-soil silt clay soil was infested singly with each of the fungal inoculum at the rate of 2.5 % (w/w). Pots were moistened to permit the pathogens to establish growth for one week before planting. Seed of a sensitive local Zea mays variety were coated with each of the bacterial isolate following the method described by Bardin et al. (2004) . Each set of the bacterial treated seed were planted in the prepared potted soil (no.25) and the experiment was quadruplets. Cultural practices (irrigation fertilization,…etc.) were made as usual. Percentage of seedling emergence and plant stand (survival plants) were recorded after 15 and 45 days of planting, respectively.
Biochemical characterization of Pseudomonas spp.
The bacterial isolates were characterized biochemically as described by Buchanan and Gibbson (1974).
Molecular identification of Pseudomonas spp.
Sequence analysis of 16S rRAN gene
Isolation of cellular DNA was performed as described by Ausubell et al (1987) . DNA was extracted by thermo scientific genejet gel extraction kit. Relevant16S rDNA sequences are available in Gene Bank and done by Bio Basic, Canada Inc. Sequence of the used primer described by Spilker et al (2004) is shown in Table (1) . PCR amplification of targeted DNA was carried out in 50µl reaction volume (Master mix Bioline, 25µl; primer F2µl; primer R, 2 µl; DNA 5µl; 16 µl). DNA was amplified over 25 cycles of denaturation for 2 min at 95°C, each consisting of 20 s at 94°C, 20 s at the annealing temperature of 54°C and extension for 40 s at 72°C. Thereafter, a final extension was applied for 1 min at 72°C (Spilker et al 2004). Amplification of DNA product was run on 1 % agarose gel (ROKO Poligono De Silvota, Spain) and separated by electrophoresis in 1x TBE buffer. DNA gel was photographed with ethidium bromide under UV by transilluminator. PCR product was purified and sequenced by Sigma Company.
Phylogenetic analysis
Sequences were compared with sequences of Pseudomonas spp. available in the Gene Bank NCBI database (National Center for Biotechnology Information) using BLAST search network services for similarities present in Gene Bank database. Multiple sequence alignments from all sequences of each gene were performed using Clustal W version 2.0 (Larkin et al 2007). Phylogenetic analyses were constructed by the maximum likelihood (ML) method with maximum parsimony (MP) using MEGA version 7 (Kumar et al 2016). The bootstrap values illustrated on the phylogenetic trees were generated with 1000 replicate heuristic searches. 
Statistical analysis
Data were subjected to analysis of variance using SAS-9.1 software (SAS Institute, 2003). Mean values among treatments were compared by L.S.D P ˂0.05.
RESULTS
Isolation of the fluorescent pseudomonads
Fluorescent pseudomonads were isolated from rhizosphere of maize and sugar beet plants grown in different governorates and its numbers were presented in Table ( 2). Table ( 2) show that 110 isolates of fluorescent pseudomonads were recovered from different governorates and the most isolates were collected from maize and sugar beet plants grown in Fayoum and Sharqiya governorates being 33 and 32 isolates, respectively.
Antifungal activity
All of the recovered isolates of fluorescent pseudomonads were assayed in vitro for antagonism against both of the target pathogens. Each pathogen showed different levels of sensitivity toward the bacterial isolates. Positive effect was clearly recognized by limiting the fungal growth or by complete inhibition of fungal mycelia. Results showed that 30 bacterial isolates having the potential effect against C. maydis, while, 27 isolates affected the linear growth of F.verticillioides. About 50% of bacterial isolates under study were unable to inhibit the growth of any of the target pathogens. Out of these, 24 isolates were showed to have high antagonistic effect against both pathogens. Accordingly, they were selected for further study.
In vivo evaluation
Data presented in Table ( 3) explain the effect of coating maize seeds with each of the 24 bacterial isolates on seedling emergence (after 15 days of planting) and plant stand (after 45 days of planting) along with infection percentage at each of the plant growth in soil infested, separately with each of C. maydis and F. verticillioides. As regards to potted-soil infested with C. maydis, significant differences were found between percentage of seedlings emerged from seeds treated with any of the bacterial isolates comparable to the infested control, except four isolates no. Psf 2, Pmf 17, Psf 30 and Psf 31, where no increase in the emergence was found. In contrast, in potted-soil infested with F. verticillioides, seedling emergence was nonsignificant differences by treating with the majority of bacterial isolates, while isolates no. Psf 33, Pssh 39, Pssh 50, Pau9, Pau10, Pau11 and Pau12 were the most effective in increasing seedling emergence comparable to the infested control.
After 45 days of planting, however, data of plant stand were taken and recorded as percentage of the survived plants from emerged seedling. Infection was calculated as the percentage of the diseased plants at this stage of plant growth. Data presented in Table ( Table ( 3) also indicat that Psf9, Pau9 and Pau11 showed to be highly effective in reducing infection with C. maydis and Psf3, Psf9 and Pau9 where they were high efficient in controlling infection with F. verticillioides. Therefore, isolates no. Psf9, Pau9, Pau11and psf3 were selected for further study in the present work.
Biochemical characterization of fluorescent pseudomonads
The most potent isolates of fluorescent pseudomonads under study were tentatively characterized following Bergy Table ( 4) confirmed that they are related to Pseudomonas spp.
Results of classical identification for isolates of fluorescent pseudomonads under study needed to be identified up to species following genetic identification. 16S rDNA-based primer sets were used for sequencing the Pseudomonas spp. (Spilker et  al 2004) .
Genotypic identification for the most potent antagonistic bacterial isolates
Four rhizobacterial isolates which gave the best results in pot experiment against the target pathogens (C. maydis and F. verticillioides) were molecular identified. The phylogenetic analyses according to the BLAST search are shown in Fig. (2) . The four isolates were subjected to molecular characterization using the pseudomonas specific primer. A single distinct fragment of approximately 618bp was observed with the four strains as shown in Fig. (1) . Sequencing of 16S rDNA from strains, namely Psf 9, Psf3, Pau 9& Pau11was performed .In order to find out the most similar available sequences, a BlAST search of 16S rDNA was done at the NCBI database. Accordingly, the phylogenetic analyses of these pseudomonads based on the maximum likelihood method were identified as follows: Psf3= Pseudomonas putida KX786158 Psf 9= Pseudomonas aeruginosa ss12 GU451299 Pau9=Pseudomonas putida KX786158 Pau11= Pseudomonas putida HF3-27FJ405891 (Fig. 2) . 
DISCUSSION
Increasing use of chemical inputs causes several negative effects, such as evolving of pathogen resistance to the applied pesticides and their serious environmental impacts. Thus, biological control is being considered a supplemental method for reducing the use of the hazardous chemicals in agriculture. Therefore, current study dealt with managing or decreasing major pathogens of maize plant roots by some efficient fluorescent pseudomonad isolates.
Several isolates of these bacterial group recovered from maize and sugar beet rhizosphere were screened for their efficiency towards the target pathogens, namely Cephalosporium maydis and Fusarium verticillioides. Twenty four isolates were shown to have the potency to antagonize both of the target pathogens in the laboratory. and reduce root infection in pot experiment. Obtained results showed that enhancing plant stands was obviously coincided with the effectiveness in reducing infection with the target pathogens. Inhibitory effect of several strains of this bacterial group were recorded by previous investigators ( activities of chitinase and phenylamonia lyase were increased after foliar application of rice with P. fluorescens. These hypothesized practical considerations involved in the mode of action of the Pseudomonas strains used in this study support the recommendation of using them to control such diseases biologically. Biochemical and genotypic identifications were done to the four most potent isolates. According to the phylogenetic analyses based on the maximum likelihood method, they were identified as follows: Psf3= P. putida strain Psf3, Psf9=P.aeruginosa strain Psf9, Pau9=P.putida strain Pau9 and Pau11= P.putida strain Pau11.
Among these identified strains, P.putida and P.aeruginosa were reported by several investigators as biocontrol agents (Minaxi &Saxena, 2010 and Sharma et al., 2014). Furthermore, some strains of these two species were abundantly reported to have the potential to produce some antagonistic metabolites that inhibit the pathogens, in addition to their ability to release of plant growth factors as reported by Altinok et al (2013).The Pseudomonas strains in the current study were found to have the potency to produce some metabolic products such as 4-hydroxybenzoic acid, 2,6-di-hydroxyl benzoic acid and hydroquinone (unpublished data). Alleviating infection with plant diseases is hypothesized to be accomplished by these products and others (Smith-Becker et al 1998 and De Werra et al 2011).
Also, Harwood et al (1984) reported that the plant derived aromatic metabolites as Benzoxazinoids (BXs) can act as chemo-attractants for P. putida. It was hypothesized by Neal et al (2012) that these compounds are exudated from roots of maize and they may be attractive and supportive to P. putida cells. These metabolites were concluded by the same authors to be responsible for mechanism of tolerance provides P. putida with a competitive advantage over other microorganisms in maize rhizosphere.
In addition to the efficacy of these strains in managing the root-infecting pathogens, many of these strains having the potency to secrete plant hormones that accelerate and enhance plant growth as stated by Noori and Saud (2012).
In conclusion, present investigation threw the light on the possibility of applying such of these strains to control root-infecting pathogens of maize.
